Hypothesis: Laparoscopic ultrasound examination combined with biopsy of the cystic wall and aspiration of cystic fluid improves differential diagnosis of pancreatic cystic lesions contributing to surgical decision making.
Results: Laparoscopic ultrasound contributed new, additional data in 8 patients (53%) when compared with compiled imaging data obtained by conventional ultrasound, computed tomography, magnetic resonance imaging, and endoscopic ultrasound. A solid cystic component was detected in 6 patients and additional small (Ͻ1 cm) cysts in 3 patients. Amylase and tumor marker levels, biopsy of the cystic wall, and cytologic examination had significant impact on surgical decision making in 6 patients. Nine patients underwent resection of the cystic lesion. Three patients diagnosed as having benign cysts had laparoscopy with laparoscopic ultrasound only. Three patients with suspicious lesions refused surgery. Laparoscopic ultrasound predicted correctly the nature of the cyst in 7 of 9 surgically treated patients (sensitivity, 78%). Two patients with serous cystadenoma had high levels of tumor markers (false-positive).
Conclusion:
Although a rather invasive procedure that requires general anesthesia and hospitalization, laparoscopy with laparoscopic ultrasonography was found to significantly contribute to the differential diagnosis of pancreatic cystic lesions.
Arch Surg. 2000; 135:260-264 P ANCREATIC CYSTIC lesions are being recognized with increasing frequency with widespread use of advanced imaging techniques. In most cases the clinical as well as radiological presentation of pancreatic cysts is complicated and differentiation among the various cyst types may be difficult. [1] [2] [3] [4] [5] [6] [7] [8] [9] The recent development of the laparoscopic ultrasonographic probe and the possibility of laparoscopic ultrasound (US)-guided biopsy and aspiration enables a thorough laparoscopic evaluation and staging of pancreatic cystic lesions.
We report our experience and the impact of the new modality on surgical decision making.
RESULTS
Fifteen patients with cystic lesions of the pancreas qualified for the study (9 women and 6 men, aged 40-78 years; mean age, 65.7 years). Six patients were asymptomatic and the cyst was disclosed as an incidental finding, or was found by routine follow-up examinations (2 patients with previous breast cancer and 1 patient with lung cancer). Two patients experienced abdominal pain and weight loss and the cyst was revealed during the diagnostic evaluation. One patient had a palpable mass in the left upper abdomen and 3 patients with cystic lesions in the head of the pancreas experienced symptoms of bile duct obstruction. than 1 cm in diameter (3 patients). Most lesions (n = 8) were in the pancreatic head, 5 were found in the body, and 2 were in the tail of the pancreas. Involvement of the pancreatic duct was demonstrated in 3 patients (in 2 patients a dilatation of the duct distal to the cyst was found and in 1 patient a communication of the cyst with the pancreatic duct was demonstrated). LAPUS features of the cyst wall were recorded in all patients and revealed a solid component or irregularity of the wall in 6 patients. Biopsy of the cystic wall was performed in 12 patients and results were negative for malignancy in all cases. In the remaining 3 patients the cystic wall was thin (Ͻ1 mm), precluding biopsy. Cytologic examination of the aspirate revealed mucinous cells in 1 specimen only, whereas in the other instances the study was negative for cells, or demonstrated pancreatic ductal cells without atypia or granulocytes. Determination of markers in the aspirate revealed high levels of carcinoembryonic antigen (CEA) and cancer antigen 19.9 (CA19.9) in 8 patients, 5 patients had levels within the normal range, one patient had high levels of CA19.9 with normal levels of CEA, and in 1 patient the sample was insufficient for evaluation. Amylase levels were high in 4 patients. In 2 of these patients the cysts were finally diagnosed as pseudocysts. The third patient with increased concentrations of amylase also had high levels of CEA and CA19.9 in the aspirated fluid and was found to have a mucinous cystadenoma in the head of the pancreas. The fourth patient was found to have a cystadenocarcinoma communicating to the main pancreatic duct, with high levels of tumor markers (CEA, 192 ng/mL; CA19.9, 256 U/mL); ultrasonographic features of chronic pancreatitis with thickening and edema of the pancreas were also demonstrated.
There were no complications following the LAPUS procedure and the hospitalization stay ranged from 1 to 3 days (mean, 1.5 days).
When compared with imaging data obtained from the compiled information of conventional US, CT, and magnetic resonance imaging, the LAPUS contributed new, additional information in 8 patients (53%). A solid cystic component ( Figure) was detected in 5 patients and additional small cysts (Ͻ1 cm) were identified in 3 patients.
When compared with EUS findings (6 patients only), LAPUS findings and interpretation were similar in 3 patients-2 patients with lesions of the head of the pancreas (a pseudocyst and a serous cystadenoma) and 1 patient with a cystadenocarcinoma of the tail of the pancreas. Two patients with mucinous cystadenomas, 1 in the tail of the pancreas (2 ϫ 1 cm) and 1 in the head of the pancreas (2 ϫ 2.5 cm) were not visualized by EUS. A third patient had a mucinous cystadenoma in the head of the pancreas that was visualized but misdiagnosed by EUS as serous cystadenoma. These 3 lesions were visualized and correctly diagnosed by LAPUS.
Data obtained by LAPUS indicated resection of the pancreatic cyst in 11 patients. The other 4 patients were finally diagnosed as having benign cysts. Of these, 2 patients were diagnosed as having a pseudocyst and 2 patients a serous cystadenoma. Diagnosis was based on results of biopsy of the cystic wall, nor- 
PATIENTS AND METHODS
During a 36-month period (1996-1999), patients presenting with pancreatic cysts were screened for this study. Patients with a history of recent pancreatitis, abdominal trauma, or radiological evidence of a pancreatic pseudocyst were excluded. All patients had a conventional US study, abdominal computed tomography (CT), and in most cases, endoscopic retrograde cholangiopancreatography prior to laparoscopic evaluation. Six patients underwent endoscopic ultrasound (EUS) examination. Patients considered candidates for surgery were offered the option of laparoscopy and laparoscopic ultrasound (LAPUS) as a separate procedure, prior to the final determination of treatment. The project was approved by the hospital review board and informed consent was obtained from all participants. Treatment followed the general guidelines of differentiation between benign cysts and cystic neoplasms. 10 LAPUS was performed under general anesthesia by a standard technique. Briefly, 2 disposable 10-mm cannulae were introduced at the umbilicus and right upper abdominal quadrant. Additional ports were inserted as needed for dissection or for entering the lesser sac. Inspection of the abdominal cavity was performed with a 30°telescope. Laparoscopic US was performed with a 10-mm 8-MHz sectoral contact US probe (Sharplan Usight laparoscopic ultrasound system, Tel Aviv, Israel) enabling simultaneous view of the laparoscopic and ultrasonographic images using "picture in picture" visual mixing. The head of the pancreas could be examined directly, while examination of the body and tail of the pancreas necessitated entrance into the lesser sac through a small aperture in the gastrocolic ligament. Laparoscopic US-guided biopsy was performed with an 18-gauge biopsy needle (Quick core biopsy needle; Cook, Bloomington, Ind). All patients were prospectively studied using a protocol. The various LAPUS parameters recorded are presented in Table 1 .
(REPRINTED) ARCH SURG/ VOL 135, MAR 2000 WWW.ARCHSURG.COM 261 mal or absent levels of CEA and CA19.9, and high levels of amylase. These patients are observed by repeated CT and US examination. One of the patients with serous cystadenoma, correctly diagnosed by LAPUS, was operated on for a symptomatic (8 cm) cyst in the body of the pancreas.
Nine patients finally underwent operation. Two patients underwent pancreaticoduodenectomy. Enucleation of the cyst was performed in 2 patients-1 with a cystic lesion in the head of the pancreas and 1 with a cystic lesion in the body of the pancreas. Five patients have had a distal pancreatectomy for lesions of the body and tail. Three patients with suspicious lesions refused surgery: 2 patients with lesions in the head of the pancreas, suspected as mucinous cystadenomas, 1 with high levels of CEA, and 1 with LAPUS evidence of a solid component in the wall of the cyst. The third patient with a cyst in the tail of the pancreas, which was not demonstrated on EUS revealed at LAPUS 2 small additional cysts, an irregular cystic wall, and septa in the cyst, yet the tumor markers (CEA and CA19.9) were not elevated.
Histological findings are presented in Table 2 . Four patients were found to have mucinous cystadenomas of the head of the pancreas, and 2 had cystadenocarcinomas. One patient was found to have a serous cystadenoma of the head of the pancreas, and 1 patient had a simple pancreatic cyst in the body of the pancreas (false-positive). These 2 patients had high levels of tumor markers in the cystic fluid aspirate: the patient with serous cystadenoma had elevated levels of CEA (225 ng/mL; normal range, 0.05-5 ng/mL) and CA19.9
Laparoscopic ultrasound study demonstrating a mucinous cyst in the head of the pancreas with a solid component (arrow). Inset, Laparoscopic view. Note the 10-mm laparoscopic ultrasound probe. (58 000 U/mL; normal range, 0.05-37 U/mL), while the patient with the simple cyst had normal levels of CEA (0.2 ng/mL) and high levels of CA19.9 (10 560 U/mL).
After surgery, 7 patients had an uneventful recovery while 1 patient developed a pancreatic fistula and another patient developed a wound infection that resolved with conservative treatment.
COMMENT
Cystic lesions of the pancreas include inflammatory pseudocysts (70%), true cysts, serous cystadenomas, mucinous cystic tumors with malignant potential, and cystadenocarcinomas. 11, 12 Differentiation of various types of pancreatic cysts presents a diagnostic and therapeutic challenge, particularly since about 15% of the pancreatic cysts are actually cystic neoplasms that are potentially curable with timely resection. [13] [14] [15] [16] Clinical presentation, no history of pancreatitis, and normal serum levels of amylase suggest a cystic neoplasm. Modern imaging techniques have added certain features of pancreatic cysts that should raise suspicion that a cystic neoplasm is present. However, these criteria are not uniformly reliable in the diagnosis of pancreatic cystic neoplasms. 17, 18 Endoscopic retrograde cholangiopancreatography contributes additional information with regard to relationship of the cyst to the pancreatic ductal system. Although it is assumed that demonstration of ductal changes of chronic pancreatitis, or a direct communication with the cyst and high levels of amylase within the cyst, supports the diagnosis of pseudocyst, there are exceptions. The association between chronic pancreatitis and pancreatic tumors is well established, 10 and in the rare instance of the so-called duct-ectatic cystic neoplasm, a neoplastic transformation in one of the pancreatic ducts creates a cyst that does communicate with the ductal system as occurred in one of our cases. 19, 20 Aspiration of cystic fluid for analysis and biopsy of the cyst's wall have been of considerable interest. However, the percutaneous CT or US-guided needle aspiration carries the risk of needle tract and peritoneal dissemination of tumor cells as well as spillage of malignant cyst's contents. Even intraoperative examination of biopsy material may fail to correctly differentiate cystic lesions in as many as 20% of the cases.
1 Contact laparoscopic US-guided puncture of the cyst minimizes the risk of spillage since it is performed under laparoscopic visualization and control, using laparoscopic instruments.
14 Indeed, the technical development of a laparoscopic sectoral US system that enables a LAPUS-guided biopsy significantly enhances diagnosis.
The introduction of EUS enables visualization of pancreatic cystic lesions as well as aspiration of cystic fluid without the need for general anesthesia. Endoscopic ultrasound has a high sensitivity in diagnosing pancreatic lesions; however, the specificity rates are lower, in the range of 75% to 80% for pancreatic malignancy. 21 In our setting, EUS enables a fine needle aspiration biopsy (22-gauge needles) for cytologic examination only, while LAPUS offers the possibility to obtain a core biopsy (tru-cut) with an 18-gauge needle, for histopathologic examination as well as aspiration of the fluid for cytologic examination. Since only 6 patients in this study underwent EUS, comparison is difficult at this stage. We currently believe that EUS and LAPUS are complementary studies, yet our results may suggest that LAPUS offers more comprehensive information in instances where the EUS results are inconclusive.
The presence of mucin, malignant cells and determination of neoplastic markers in the cystic fluid are useful in differentiating mucinous from serous cystic lesions whereas high pancreatic enzyme content usually suggests a pseudocyst. The markers commonly used are CEA, CA19.9, CA15.3, CA72.4, and tissue polypeptide antigen. 5, 14, 22 The data obtained from our patients supports the high specificity of increased CEA and CA19.9 levels in mucinous cystadenomas and carcinomas. We, like others, 1 have learned to consider raised CEA levels as more important than CA19.9 levels, which may be elevated in benign conditions. However, our 2 false-positive findings in patients with serous cystadenoma and simple cyst both had significantly increased levels of CA19.9 and one even elevated CEA levels. We have learned to consider the ultrasonographic characteristics of the cyst's wall as an important parameter for differentiation. Thus, a uniformly thin and regular wall is suggestive of a benign nature while an irregular or focally thickened cystic wall or a cyst having a solid component indicates a malignant potential. These ultrasonographic parameters can be observed accurately by direct contact US examination. Moreover, biopsy and aspiration of the cyst is sometimes met with difficulty or is impossible because of proximity to major vessels. The LAPUS study enables these procedures since an "ultrasound window" is usually found, as happened in 2 of our patients where proximity to the mesenteric vessels and splenic vessels precluded CT-guided puncture. Histologic examination of cystic wall and cytologic examinations of cystic aspirate contributed to the decision not to operate in 3 patients (2 patients with pseudocysts and 1 with serous cystadenoma), while the other patient with serous cystadenoma underwent resection because of symptoms caused by the size of the cyst.
Decision regarding resection of a particular cyst is based on analysis of all obtained information. Indeed, the demonstration of malignancy, or mucinous cyst components, is a clear indication for resection, but in the absence of this information, decision is based on the ultrasonographic nature of the cystic wall and its histologic characteristics and the levels of tumor markers obtained from cystic aspirate. The presence of high amylase levels or a direct communication with the pancreatic ductal system indicate a benign cyst, only in the absence of elevated levels of tumor markers.
In conclusion, although a rather invasive procedure that requires general anesthesia and hospitalization, the LAPUS study was found to significantly contribute to the differential diagnosis of pancreatic cystic lesions.
